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Abstract: Skin cutaneous melanoma (SCM) is one of the most aggressive skin cancers with a high mortality rate 
and incidence rate. The aim of this study was to develop clinical nomograms that can be used to predict long-term 
overall survival and cancer-specific survival (CSS) in patients with SCM. The patients diagnosed between 2004 and 
2013 were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database. The patients were 
randomly divided into two cohorts: the Training (70%, n = 22,101) and Validation (30%, n = 9,479). The probability 
of cancer-specific survival (CSS) and death from other causes was calculated by competing risk regression model. 
Of the 31,580 patients, 4,865 died from SCM and 2,215 died from other causes. The 3- and 5-year probabilities of 
overall death were 0.671 and 0.865 in the training cohorts, respectively. The 3- and 5-year probabilities of specific 
death were 0.410 and 0.506 in the training cohorts, respectively. The univariate and multivariate analysis was used 
to choose the independent prognosis variable for OS and CSS. A nomogram model predicting the overall survival 
and cancer-specific survival was established according to 14 clinicopathologic characteristics (age at the time of 
diagnosis, race, sex, tumor location, tumor histology, TNM stage, Breslow thickness, Clark level, tumor ulceration, 
tumor size, radiotherapy, and surgery of primary site), with higher concordance indexes in both internal validation 
(0.860 for OS and 0.901 for CSS) and external validation (0.859 for OS and 0.904 for CSS). The nomogram model 
had high accuracy in estimating the probabilities of OS and CSS for patients with SCM. The established nomograms 
can help clinicians to screen patients with higher risk of SCM, and facilitate individualized treatment.
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Introduction

Skin cutaneous melanoma (SCM) is an aggres-
sive form of skin cancer with a high mortality 
rate and incidence rate among all malignancies 
[1, 2]. In 2017, an estimated 87,110 new cases 
of SCM were diagnosed and an estimated 
9,730 deaths were reported in the USA alone, 
making SCM the sixth and seventh leading 
cause of cancer-related deaths in men and 
women, respectively. It was estimated that 
74,640 cases of melanoma in situ predicted for 
2017 [3]. Owing to its clinicopathological het-
erogeneity , the incidence rates for SCM range 
from 25% to 61% among men and 11% to 43% 

among women in the United States, while the 
mortality rates range from 10% to 26%, and the 
5-year survival rate of SCM is 78% for men and 
86% for women [4, 5]. Therefore, accurate esti-
mates for prognosis of SCM patients based on 
clinicopathological characteristics would help 
physicians to provide effective individualized 
treatment. SCM patients are also at high risk of 
death from other factors such as distant metas-
tasis, secondary cancers, and chemo- radio 
therapeutic toxicity. As a result, overall survival 
rate might not accurately describe the survival 
rate of SCM patients, but estimated specific-
death may be more accurate in describing the 
survival of SCM patients. Therefore, it is impor-
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tance to eliminate competing causes of death 
when evaluating SCM cancer-specific survival.

Our objective was to use a large retrospective 
population-based database to evaluate and es- 
timate the probability of cancer-specific death 
and competing causes risk analysis, and to 
develop SCM nomograms that predict long-
term OS and CSS probabilities based on multi-
ple clinicopathological risk factors to improve 
individualized treatments and prognosis.

Materials and methods

Ethics statement

The study was approved by the Ethical Com- 
mittee of GuiZhou People’s Hospital. Informed 
patient consent was not required because data 
was extracted from the SEER database.

Data source and patient selection criteria

We used the Surveillance, Epidemiology, and 
End Results (SEER) database of the National 
Cancer Institute (http://seer.cancer.gov/) to 
screen all patients with SCM diagnosed be- 
tween 2004 and 2013, which included can- 
cer data from 17 population-based registries 
among 14 states across the United States,  
and comprise approximately 28% of the United 
States population [6, 7]. The specific inclusion 
criteria used to identify eligible patients were 
as follows: 1) The years of diagnosis ranged 
from 2004 to 2013; 2) CS Schema v0204+ 
was skin cutaneous melanoma; 3) Histological 

um minus, labium majus, clitoris, vulva, over-
lapping lesion of vulva, penis, glans penis, pre-
puce and body of penis). The exclusion criteria 
were as follows: 1) Multiple primary cancers 
were excluded; 2) Patients with a survival of 
less than one month and unknown; 3) Lack 
information of tumor size, Clark level, Breslow 
thickness, ulceration, radiation, primary sur-
gery site, and race (for the detailed inclusion 
and exclusion criteria, see Figure 1).

The eligible patients were randomly divided 
into: a training cohort (70%) and a validation 
cohort (30%) to establish and validate a com-
peting risk-nomogram model. Continuous vari-
ables, such as age, tumor size, and Breslow 
thickness were transformed into categorical 
variable based on recognized cutoff values. 
Age was classified into six groups: ≤ 29 years, 
30-39 years, 40-49 years, 50-59 years, 60-69 
years, and ≥ 70 years. Breckness thickness 
was divided into five groups: < 1 mm, 1-2 mm, 
2-3 mm, 3-4 mm, and > 4 mm. Tumor sizes 
were classified into six groups: < 1 cm, 1-2 cm, 
2-3 cm, 3-4 cm, 4-5 cm and > 5 cm. Clark level 
was classified into four groups: I/II, III, IV, and V. 
All patients were regrouped according to the 6th 
American Joint Committee on Cancer (AJCC) 
TNM staging system. Race was divided into 
white, black, and other (including American 
Indian/AK Native, Asian/Pacific Islander).

Prognostic analyzes

We defined OS as failure at the time of patient 
death, or censoring if a patient was alive at the 

Figure 1. Flow chart for the SEER data selection.

type ICD-O-3 was limited to 
8720/3 (malignant melanoma, 
NOS), 8721/3 (nodular mela-
noma), 8742/3 (lentigo ma- 
lignant, melanoma), 8743/3 
(superficial spreading melano-
ma), 8744/3 (acral lentiginous 
melanoma, malignant), 8745/3 
(desmoplastic melanoma, ma- 
lignant), and 8772/3 (spindle 
cell melanoma, NOS), 4) SCM 
primary tumor site was the 
head and neck (skin of lip, 
scalp, and neck, external ear, 
other/unspecific parts of face 
and eyelid), trunk (skin of 
trunk), limbs (skin of lower limb 
and hip, upper limb and shoul-
der), and genitals (skin of labi-
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Table 1. Patient’s demographic and clinical characteristics

Variable
Training cohort (N = 22101) Validation cohort (N = 9479)
Frequency Percent (%) Frequency Percent (%)

Sex
    Female 9848 44.56 4192 44.22
    Male 12253 55.44 5287 55.78
Age
    ≤ 29 1126 5.10 458 4.83
    30-39 1958 8.86 857 9.04
    40-49 3617 16.37 1583 16.70
    50-59 5035 22.79 2041 21.53
    60-69 4727 21.39 1969 20.77
    ≥ 70 5638 25.51 2571 27.12
Race
    White 21721 98.28 9347 98.61
    Black 132 0.60 45 0.47
    Other (American Indian/AK Native, Asian/Pacific Islander) 248 1.13 87 0.92
TNM stage (AJCC 6th)
    T stage
        T1 14246 64.46 6087 64.22
        T2 3547 16.05 1528 16.12
        T3 2237 10.12 980 10.34
        T4 2071 9.37 884 9.33
    N stage
        N0 19437 87.95 8389 88.50
        N1 1129 5.11 448 4.73
        N2 637 2.88 255 2.69
        N3 401 1.81 169 1.78
        NX 497 2.55 218 2.30
    M stage
        M0 21413 96.89 9203 97.09
        M1 310 1.40 111 1.17
        MX 378 1.71 165 1.74
Tumor location
    Skin of head and neck 4281 19.37 1836 19.37
    Skin of trunk 7615 34.62 3224 37.01
    Skin of limbs 10104 45.72 4374 46.14
    Skin of genitals 101 0.46 45 0.47
Histologic sbutype
    Malignant melanoma, NOS 9471 42.85 4089 43.14
    Nodular melanoma 2412 10.91 991 10.45
    Lentigo maligna melanoma 1182 5.35 537 5.67
    Superficial spreading melanoma 8157 36.91 3475 36.66
    Acral lentiginous melanoma, malignant 328 1.48 153 1.61
    Desmoplastic melanoma, malignant 255 1.15 117 1.23
    Spindle cell melanoma, NOS 296 1.34 117 1.23
Breslow thickness
    < 1 mm 734 3.32 338 3.57
    1-2 mm 1070 4.84 525 5.54
    2-3 mm 2315 10.47 945 9.97
    3-4 mm 2341 10.59 1007 10.62
    > 4 mm 15641 70.77 6664 70.30
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last follow-up. The CSS was defined as failure if 
a patient died of SCM, or censoring if a patient 
was alive at the last follow-up or death due to 
other reasons. The OS were conducted using 
the Kaplan-Meier and Cox proportional hazards 
models. Variables with a P value of less than 
0.05 were considered as independent prognos-
tic OS factors, and the included prognostic fac-
tors were used to build nomograms model for 
OS. The SPSS 19.0 software (IBM Corp., Arm- 
onk, USA) was used to identify independent 
prognostic factors.

Competing risk analyzes

Death from melanoma and from other causes 
were two types of events in the competing risk 
analysis. Death from other causes was consid-
ered to be a competing risk [8-10]. We per-
formed a competing risk analysis to produce 
the cumulative incidence function (CIF) for dif-
ferent groups. The 3- and 5-years were recog-
nized as the cutoff of time. The R “cmpprsk” 
packages were used to build the model of com-
peting risk analysis.

Construction of nomograms model

Nomogram model was established based on 
the results of the Cox proportional hazard mo- 

del in the training cohort. To decrease overfit 
bias, the nomogram model was subjected to 
bootstrapping with 1000 resamples as quanti-
fied by the concordance index (C-index) for 
internal validation in the training cohort and 
external validation in the validation cohort. The 
value of C-index ranged from 0.5 to 1.0, with 
0.5 suggesting no discrimination and 1.0 indi-
cating a perfect discrimination. Construction, 
validation, and calibration of the nomograms 
were developed using the R version 3.1.2 soft-
ware (Institute of Statistics and Mathematics, 
Vienna, Austria; www.r-project.org). The R “rms” 
packages were used to build the nomogram 
models. The score of nomogram models was 
estimated and visualized by the “nomogramEx” 
package. All P values were two-sided, and those 
less than 0.01 were considered statistically sig-
nificant for many patients.

Results

Clinical and pathological characteristics

A total of 31,580 eligible patients were includ-
ed in the study, including 22,101 patients in the 
training cohort and 9,479 patients in the valida-
tion cohort. The clinical and pathological char-
acteristics of the cohort study are shown in 

Clark level
    I 0 0 0 0
    II 7834 35.45 3366 35.51
    III 5574 25.22 2378 25.09
    IV 7241 32.76 3129 33.01
    V 1452 6.57 606 6.39
Tumor ulcertion
    Yes 3701 16.75 1604 16.92
    No 18400 83.25 7875 83.08
Tumor size
    ≤ 1 cm 11967 54.15 5048 53.25
    1-2 cm 6125 27.71 2610 27.53
    2-3 cm 1710 7.74 762 8.04
    3-4 cm 670 3.03 319 3.37
    4-5 cm 401 1.81 162 1.71
    ≥ 5 cm 1228 5.56 578 6.10
Radiotion
    Yes 387 1.75 152 1.60
    No 21714 98.25 3927 98.40
Surgery of primary site
    Yes 21845 98.84 9368 98.83
    No 256 1.16 111 1.17
Survival months
    Median(IQR)
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Table 2. Five- and Ten-years cumulative incidences of death among patients in the training cohort

Variable
Cumulative Incidence of Death 
Resulting From Skin Melanoma

Cumulative Incidence of Death 
Resulting From Other Causes

3-y 5-y P 3-y 5-y P
All Patients 0.410 0.506 0.261 0.359
Sex < 0.001 0.016
    Female 0.383 0.472 0.279 0.379
    Male 0.424 0.525 0.251 0.349
Age at diagnosis, years < 0.001 < 0.001
    ≤ 29 0.310 0.366 0.000 0.050
    30-39 0.496 0.665 0.059 0.095
    40-49 0.538 0.665 0.077 0.102
    50-59 0.595 0.759 0.148 0.208
    60-69 0.600 0.800 0.173 0.242
    ≥ 70 0.655 0.845 0.358 0.489
Race < 0.001 0.673
    White 0.403 0.499 0.264 0.364
    Black 0.667 0.756 0.156 0.200
    Other (American Indian/AK Native, Asian/Pacific Islander) 0.603 0.724 0.138 0.489
TNM stage (AJCC 6th)
    T stage < 0.001 < 0.001
        T0 NA NA NA NA
        T1 0.214 0.272 0.335 0.518
        T2 0.366 0.518 0.238 0.323
        T3 0.493 0.614 0.230 0.287
        T4 0.599 0.691 0.210 0.248
    N stage < 0.001 < 0.001
        N0 0.290 0.385 0.317 0.445
        N1 0.646 0.793 0.111 0.142
        N2 0.712 0.794 0.121 0.146
        N3 0.809 0.874 0.084 0.092
        NX 0.327 0.364 0.430 0.561
    M stage < 0.001 0.008
        M0 0.376 0.478 0.271 0.376
        M1 0.855 0.906 0.077 0.081
        MX 0.288 0.437 0.388 0. 485
Tumor location < 0.001 < 0.001
    Skin of head and neck 0.371 0.461 0.308 0.408
    Skin of trunk 0.464 0.573 0.197 0.301
    Skin of limbs 0.393 0.484 0.277 0.373
    Skin of genitals 0.4790 0.592 0.265 0.286
Histologic sbutype < 0.001 < 0.001
    Malignant melanoma, NOS 0.37 0.492 0.253 0.358
    Nodular melanoma 0.577 0.667 0.230 0.266
    Lentigo maligna melanoma 0.106 0.129 0.424 0.659
    Superficial spreading melanoma 0.266 0.389 0.289 0.436
    Acral lentiginous melanoma, malignant 0.594 0.729 0.135 0.188
    Desmoplastic melanoma, malignant 0.406 0.493 0.232 0.333
    Spindle cell melanoma, NOS 0.520 0.570 0.300 0.320
Breslow thickness < 0.001 < 0.001
    < 1 mm 0.348 0.455 0.277 0.366
    1-2 mm 0.214 0.232 0.321 0.509
    2-3 mm 0.127 0.180 0.327 0.567
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Table 1. In the whole cohort, 5.02% of patients 
were less than 29 years old, 8.91% were 30-39 
years old, 16.47% were 40-49 years old, 
22.41% were 50-59 years old, 21.20% were 
60-69 years old, and 25.99% were above 70 
years old. The median age at the time of diag-
nosis was 58.0 years in the whole cohort. The 
median follow-up length was 46.0 months 
(range, 2-119 months). By the end of last fol-
low-up, 7515 (23.07%) patients of the entire 
population had died, including 4,865 from SCM 
and 2,650 from other causes.

Of the 22,101 patients in the training cohort, 
21,721 (98.28%) were white and 12,253 
(55.44%) were male. T3-T4 tumors accounted 
for 19.49% of all tumors, while positive lymph 
nodes and distant metastases accounted for 
12.05% and 1.40%, respectively. Most tumors 
were predominantly noted on the limbs 
(45.72%) and trunk (34.62%), with less than 
20% arising from genitals, head, and neck. The 
three most prevalent histologic subtypes were 
melanoma NOS (42.85%), superficial spreading 
melanoma (36.91%), and nodular melanomas 
(10.91%). The majority of melanomas were > 
4-mm thick, with 3.3% patients having less 
than 1 mm thick. The majority of melanomas 

were Clark level II and III, with 6.57% tumors 
being of Clark level V. 3701 (16.75%) tumors 
had ulceration. The size of tumors in the major-
ity of melanomas was ≤ 1 cm, with 1.8% of 
tumors having sizes between 4-5 cm. 387 
(1.75%) and 21845 (98.84) patients received 
radiotherapy and surgery, respectively.

Prognostic analyzes of OS

The univariate analysis of sex, age at diagnosis, 
TNM stage, tumor location, histologic subtype, 
Breslow thickness, Clark level, tumor size, radi-
ation, and surgery of primary site revealed that 
they were significantly associated with OS 
(Table 2). Based on multivariate analysis, age 
was the most significant prognostic factor for 
OS of patient ≥ 70 years old. Consistent with 
previous studies, men had poorer prognosis of 
OS than women [4]. Tumor size, TNM stage, and 
Clark level were significant independent predic-
tors for OS. Other factors that were associated 
with poor OS are skin of genitals, tumor ulcer-
ation, and radiation. Compared to melanoma 
NOS histology, other histologic subtypes except 
for nodular melanoma were not associated 
with prognosis OS. Surgery was associated 
with improved OS.

    3-4 mm 0.170 0.190 0.395 0.592
    > 4 mm 0.447 0.552 0.247 0.330
Clark level < 0.001 < 0.001
    I NA NA NA NA
    II 0.103 0.141 0.376 0.604
    III 0.264 0.360 0.298 0.436
    IV 0.460 0.582 0.237 0.311
    V 0.630 0.712 0.202 0.234
Tumor ulcertion < 0.001 < 0.001
    Yes 0.584 0.681 0.211 0.256
    No 0.272 0.369 0.300 0.441
Tumor size < 0.001 < 0.001
    ≤ 1 cm 0.323 0.416 0.271 0.400
    1-2 cm 0.396 0.517 0.259 0.357
    2-3 cm 0.437 0.506 0.308 0.383
    3-4 cm 0.502 0.576 0.261 0.318
    4-5 cm 0.545 0.626 0.228 0.293
    ≥ 5 cm 0.560 0.674 0.188 0.269
Radiotion < 0.001 0.006
    No 0.382 0.479 0.273 0.378
    Yes 0.796 0.874 0.100 0.109
Surgery of primary site 0.818 0.156
    No 0.475 0.500 0.388 0.438
    Yes 0.409 0.507 0.258 0.357
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Table 3. Five- and Ten-years cumulative incidences of death among patients in the training cohort

Variable

Cumulative Incidence of 
Death Resulting From 

Skin Melanoma

Cumulative Incidence of 
Death Resulting From 

Other Causes
3-y 5-y P 3-y 5-y P

All Patients 0.410 0.506 0.261 0.359
Sex < 0.001 0.016
    Female 0.383 0.472 0.279 0.379
    Male 0.424 0.525 0.251 0.349
Age at diagnosis, years < 0.001 < 0.001
    ≤ 29 0.310 0.366 0.000 0.050
    30-39 0.496 0.665 0.059 0.095
    40-49 0.538 0.665 0.077 0.102
    50-59 0.595 0.759 0.148 0.208
    60-69 0.600 0.800 0.173 0.242
    ≥ 70 0.655 0.845 0.358 0.489
Race < 0.001 0.673
    White 0.403 0.499 0.264 0.364
    Black 0.667 0.756 0.156 0.200
    Other (American Indian/AK Native, Asian/Pacific Islander) 0.603 0.724 0.138 0.489
TNM stage (AJCC 6th)
    T stage < 0.001 < 0.001
        T0 NA NA NA NA
        T1 0.214 0.272 0.335 0.518
        T2 0.366 0.518 0.238 0.323
        T3 0.493 0.614 0.230 0.287
        T4 0.599 0.691 0.210 0.248
    N stage < 0.001 < 0.001
        N0 0.290 0.385 0.317 0.445
        N1 0.646 0.793 0.111 0.142
        N2 0.712 0.794 0.121 0.146
        N3 0.809 0.874 0.084 0.092
        NX 0.327 0.364 0.430 0.561
    M stage < 0.001 0.008
        M0 0.376 0.478 0.271 0.376
        M1 0.855 0.906 0.077 0.081
        MX 0.288 0.437 0.388 0. 485
Tumor location < 0.001 < 0.001
    Skin of head and neck 0.371 0.461 0.308 0.408
    Skin of trunk 0.464 0.573 0.197 0.301
    Skin of limbs 0.393 0.484 0.277 0.373
    Skin of genitals 0.4790 0.592 0.265 0.286
Histologic sbutype < 0.001 < 0.001
    Malignant melanoma, NOS 0.37 0.492 0.253 0.358
    Nodular melanoma 0.577 0.667 0.230 0.266
    Lentigo maligna melanoma 0.106 0.129 0.424 0.659
    Superficial spreading melanoma 0.266 0.389 0.289 0.436
    Acral lentiginous melanoma, malignant 0.594 0.729 0.135 0.188
    Desmoplastic melanoma, malignant 0.406 0.493 0.232 0.333
    Spindle cell melanoma, NOS 0.520 0.570 0.300 0.320
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Breslow thickness < 0.001 < 0.001
    < 1 mm 0.348 0.455 0.277 0.366
    1-2 mm 0.214 0.232 0.321 0.509
    2-3 mm 0.127 0.180 0.327 0.567
    3-4 mm 0.170 0.190 0.395 0.592
    > 4 mm 0.447 0.552 0.247 0.330
Clark level < 0.001 < 0.001
    I NA NA NA NA
    II 0.103 0.141 0.376 0.604
    III 0.264 0.360 0.298 0.436
    IV 0.460 0.582 0.237 0.311
    V 0.630 0.712 0.202 0.234
Tumor ulcertion < 0.001 < 0.001
    Yes 0.584 0.681 0.211 0.256
    No 0.272 0.369 0.300 0.441
Tumor size < 0.001 < 0.001
    ≤ 1 cm 0.323 0.416 0.271 0.400
    1-2 cm 0.396 0.517 0.259 0.357
    2-3 cm 0.437 0.506 0.308 0.383
    3-4 cm 0.502 0.576 0.261 0.318
    4-5 cm 0.545 0.626 0.228 0.293
    ≥ 5 cm 0.560 0.674 0.188 0.269
Radiotion < 0.001 0.006
    No 0.382 0.479 0.273 0.378
    Yes 0.796 0.874 0.100 0.109
Surgery of primary site 0.818 0.156
    No 0.475 0.500 0.388 0.438
    Yes 0.409 0.507 0.258 0.357

SCM and competing risk analysis

According to the competing risk model, all fac-
tors, excluding surgery of primary site, were 
independent for SCM CSS (P < 0.05) (Table 3). 
At 3- and 5-years after diagnosis, the cumula-
tive incidence of death resulting from skin mel-
anoma in the training cohort were 0.410 and 
0.506, respectively. The cumulative incidence 
of death from other causes at 3- and 5-years 
were 0.261, and 0.359, respectively. Estimates 
of death resulting from SCM and other causes 
of clinicopathological variables are shown in 
Table 3. Patients older than 70 years at the 
time of diagnosis had the highest cumula- 
tive incidence of death resulting from SCM 
(0.655/0.845 for 3/5 years). Male patients had 
the highest cumulative incidence of death 
resulting from skin melanoma (0.092/0.124 for 
3/5 years). Black patients had highest cumula-
tive incidence of death resulting from SCM, 

while White and “Other” (American Indian/AK 
Native, Asian/Pacific Islander) patients had 
lower cumulative incidence of death resulting 
from skin melanoma. The TNM stage also had a 
significant influence on the prognostic factors. 
Additionally, patients with skin of genitals and 
Acral lentiginous melanoma had higher cumu-
lative incidence of death resulting from SCM (P 
< 0.001). Similarly, increasing Clark level and 
tumor size had higher cumulative incidence of 
death resulting from SCM. The CIF in different 
Breslow thickness groups showed a U-shaped 
trend, with thinness and thickness having poor 
prognosis, while the median Breslow thickness 
had the highest survival. Treatment with radia-
tion decreased the cumulative incidence of 
death resulting from skin melanoma from 
0.796/0.874 for 3/5 years to 0.382/0.479 for 
3/5 years. There was no significant difference 
in the subgroup of surgery of primate site. All 
variables, excluding surgery of primate site, 
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were significantly correlated with cumulative in- 
cidence of death resulting from skin melano-
ma, and they were used to build the nomo-
grams to predict the 3- and 5-year CSS. All vari-

ables that were significantly correlated with 
SCM were used to construct the nomograms to 
predict the 3- and 5-year probability of CSS and 
OS in SCM.

Figure 2. Nomograms for estimating 3- and 5-year survival. A. Overall survival (OS) and B. Cancer-specific survival 
(CSS) in patients with SCM.
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Construction and validation of a prognostic 
nomogarm model

Many risk factors recognized by the Cox model 
were used to construct nomograms to predict 
the probability of OS and CSS in SCM in the 

training cohort (Figure 2). The age, race, sex, 
tumor site, tumor histology, TNM stage, Breslow 
thickness, Clark level, tumor ulceration, tumor 
size, radiotherapy, and surgery of primary site 
were included in the nomograms. The nomo-
grams suggested that TNM stage, age at the 

Figure 3. Internal calibration of the nomograms. (A) 3- and (C) 5-year overall survival (OS) calibration curves; (B) 3- 
and (D) 5-year cancer-specific survival (CSS) calibration curves.
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time of diagnosis, and tumor location were the 
main influencing factors of prognosis, while 
tumor size had a low influence.

We performed both internal and external vali-
dation of nomograms using the bootstrap me- 

thod. Internal validation in the training cohort 
showed that the nomograms were able to accu-
rately predict the CSS with a C-index of 0.901 
(95% CI = 0.895-0.907) and OS with a C-index 
of 0.860 (95% CI = 0.854-0.866). The calibra-
tion plots demonstrated an excellent agree-

Figure 4. External calibration of the nomograms. (A) 3- and (C) 5-year overall survival (OS) calibration curves; (B) 
3- and (D) 5-year cancer-specific survival (CSS) calibration curves.
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Table 4. Prognostic score for OS and CSS in the Nomograms plot
Variables OS CSS
Sex
    Female 0.000 0.000
    Male 6.878 22.548
Age at diagnosis,years
    Equation 1.111*Age 1.111*Age
Race
    White 0.000 0.000
    Black 1.370 7.617
    Other (American Indian/AK Native, Asian/Pacific Islander) 2.741 15.547
T stage
    T1 0.000 0.000
    T2 3.514 22.934
    T3 7.028 45.869
    T4 10.542 68.803
N stage
    N0 0.000 0.000
    N1 5.081 18.299
    N2 10.163 36.599
    N3 15.244 54.899
    NX 20.326 73.199
M stage
    M0 0.000 0.000
    M1 4.178 18.033
    MX 8.356 36.067
Tumor location
    Skin of head and neck 6.468 16.232
    Skin of trunk 4.312 10.821
    Skin of limbs 2.156 5.411
    Skin of genitals 0.000 0.000
Histologic sbutype
    Malignant melanoma, NOS 0.000 0.000
    Nodular melanoma 5.345 18.948
    Lentigo maligna melanoma 4.276 15.981
    Superficial spreading melanoma 3.207 11.370
    Acral lentiginous melanoma, malignant 2.318 7.581
    Desmoplastic melanoma, malignant 1.069 3.792
    Spindle cell melanoma, NOS 0.000 0.000
Breslow thickness
    Equation 0.014*Breslow thickness 0.014*Breslow thickness
Clark level
    II 0.000 0.000
    III 4.8130 22.694
    IV 9.626 45.388
    V 19.252 90.777
Tumor ulcertion
    Yes 0.000 0.000
    No 15.181 59.619
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ment between the nomograms prediction and 
actual observation at the 3- and 5-year CSS 
rate and OS rate (Figure 3). External validation 
in the validation cohort indicated that the 
C-index was slightly lower: 0.904 (95% CI = 
0.886-0.922) for CSS and 0.859 (95% CI = 
0.841-0.877) for OS (Figure 4). This finding sug-
gested that the established models were rea-
sonably accurate.

The risk score developed from the nomograms 
model was calculated by the R “nomogramEx” 
package (Table 4). The TNM stage, the age at 
diagnosis, and tumor location had higher risk 
scores, while tumor size had a lower score.

Discussion

Skin cutaneous melanoma (SCM) is the most 
fatal type of cutaneous malignant tumors with 
great risk to develop into distant and lymph 
metastases [11, 12]. Its poor prognosis and 
clinical outcome are due to less effective thera-
peutic methods currently available. Therefore, 
a further understanding of the risk factors for 
SCM development is necessary to identify new 
early diagnostic factors and therapeutic tar-
gets. Prior studies have evaluated the survival 
difference among different anatomical sites 
and histological subtypes [13, 14]. Considering 
that other clinicopathological characteristics 
like age, race, sex, tumor site, tumor histology, 
TNM stage, Breslow thickness, Clark level, 
tumor ulceration, and tumor size are associat-
ed with SCM prognosis, they can used to pre-
dict the prognosis of SCM. Recently, a non-met-
astatic SCM study based on SEER database 
between 2004 to 2007 constructed nomo-
grams, but Breslow thickness, Clark level, tu- 
mor ulceration, and tumor size were not includ-
ed in the study, and the follow-up period was 
relatively short [15]. Using the SEER database, 
we screened for SCM patients between 2004 
to 2013, and 14 clinicopathological character-

istics (age, race, sex, tumor site, tumor histolo-
gy, TNM stage, Breslow thickness, Clark level, 
tumor ulceration, tumor size, radiotherapy and 
surgery of primary site) were considered in this 
study. The SCM patients had significantly high-
er 3 and 5-year OS and CSS death probability of 
0.410 and 0.506, respectively, and a nomo-
gram was established to predict the 3- and 
5-year CSS and OS based on the competing 
risk analysis.

Several clinicopathological characteristics we- 
re proven to be independent prognosis factors 
for both OS and CSS in the present study, 
including age, race, sex, tumor site, tumor his-
tology, TNM stage, Breslow thickness, Clark 
level, tumor ulceration, tumor size, radiothera-
py and surgery of primary site. We found that 
older SCM patients have a greater risk of mela-
noma-specific mortality and death due to other 
causes. SCM predominantly occurs in whites, 
with a slight male predominance. These results 
are consistent with those of previous studies 
[3, 16, 17]. With increase in tumor size, TNM 
stage, and Clark level, the hazard risk resulting 
from OS was increased, which indicates that 
these factors are poor independent predictors 
for OS. Other factors associated with poor OS 
were skin of genitals and tumor ulceration. 
Compared to melanoma NOS histology type, 
other histology subtypes, except for nodular 
melanoma, were not associated with OS prog-
nosis. Surgery was associated with improved 
OS. Similar results were reported in a previous 
study [18]. Most patients did not receive radio-
therapy. Interestingly, those that received ra- 
diotherapy had a poor prognosis, which indi-
cated that more patients died of other causes 
of death in the multivariate analysis.

The log-rank test and Cox proportional hazards 
regression were used to screen for the inde-
pendent prognosis factors of OS. However, the 
results obtained cannot be used to identify 

Tumor size
    Equation 0.001*tumor size 0.008*tumor size
Radiotion
    No 0.000 0.000
    Yes 15.871 52.618
Surgery of primary site
    No 17.720 45.692
    Yes 0.000 0.000
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prognostic variables of SCM because death 
from other causes was considered as a com-
peting risk event. Therefore, a competing risk 
analysis was used to eliminate bias in the 
results. As reported in this study, the 3 and 
5-year cumulative incidence of death resulting 
from SCM was 0.410 and 0.506, respectively. 
These findings indicate that more patients died 
due to SCM during the subsequent two years. 
These results are consistent with those report-
ed in previous studies [13, 14]. Among these 
risk factors, age at diagnosis was an important 
prognostic factor. TNM stage, Breslow thick-
ness, Clark level, and tumor size were also 
associated with increased CIF resulting from 
SCM death. Consistent with previous studies, 
gender-specific disparity in SCM was observed 
in which men had higher CIF value than women 
[16, 19]. The causes of gender difference in 
SCM remain unclear, but they may be attribut-
ed to estrogen [20, 21], pregnancy [22, 23], 
oral contraceptives [24], and hormone replace-
ment therapy [25].

Both 3 and 5-year CSS of SCM patients who 
received radiotherapy (0.382 and 0.479, 
respectively) was lower than those who did not 
receive radiotherapy, while the CIF of death 
resulting from other causes was increased fol-
lowing radiotherapy. On the contrary, the 3 and 
5-year other causes of death of SCM patients 
who received radiotherapy was higher com-
pared to those who did not receive radiothe- 
rapy. Radiotherapy was associated with poor 
OS probability. This phenomenon indicates  
that radiotherapy might be associated with in- 
creased death from other causes. Interestingly, 
we found that the 3- and 5-year cause-specific 
death rates (0.409 and 0.507, respectively) of 
SCM patients who did not receive surgery of pri-
mary site were higher than those of SCM 
patients who died of other causes. The reason 
for this is not known.

The prognostic nomograms are based on the 
model-based prediction tool and incorporates 
clinical and pathological risk factors known to 
influence the outcome. To ensure accurate pre-
diction of nomograms, the Cox’s proportional 
hazards regression model was used to select 
the variables. The nomograms indicated that 
age at diagnosis, tumor size, and TNM stage 
have high predictive capability for the progno-
sis of patients with SCM. In the nomograms 
plot, the hazard ratios of OS and CSS in differ-

ent age groups produced a linear association, 
with older patients having the lowest survival 
rate. Other clinical and pathological factors 
including race, sex, tumor site, tumor histology, 
Breslow thickness, Clark level, tumor ulcer-
ation, radiotherapy, and surgery of primary site 
were also associated with increased SCM 
mortality.

The present study has the following strengths: 
(1) the key strength of this study is that it is a 
large cohort size based on the high quality 
SEER database. The conclusions made from 
the population-based study are more reliable 
than those of a single study because a large 
sample size possesses sufficient power. In 
addition, a large sample size ensures high 
accuracy in designing prediction models. (2) 
the Cox’s proportional hazards regression 
model and competing risk analysis were used 
to screen the variables, all nomograms C- index 
were more than 0.7 and a consistency between 
the calibration curve and 45-degree perfect 
match straight lines was observed, which sug-
gestes that the established model has high 
accuracy for predicting OS and CSS.

Despite these strengths, some limitations in 
this study should be considered. First, the study 
was based on a retrospective design which 
may have introduced some biases, such as 
recall bias and selective bias. Therefore, these 
results need to be further validated in a pro-
spective cohort before they can be applied in 
clinics. Second, information regarding adjuvant 
therapy such as chemotherapy, endocrine ther-
apy, and targeted therapy, which are important 
prognostic risk factors for SCM [26, 27], is not 
available in the SEER database. Without such 
information, the nomograms might yield some 
bias. Finally, external validation of the nomo-
grams was not performed in our study.

In summary, we developed nomograms to esti-
mate the probability of OS and CSS of SCM 
based on a population-based cohort with long-
term follow-up. The constructed nomograms 
can help clinicians to predict individual progno-
sis of SCM patients, thus facilitating individual-
ized treatment strategies.
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